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<D]G8QLYHUVLW\<D]G,UDQ7HO
$EVWUDFW
'HUPDWRORJ\LVWKHEUDQFKRIPHGLFLQHGHDOLQJZLWKWKHVNLQQDLOVKDLUDQGLWVGLVHDVHV,W LVD6SHFLDOW\ZLWKERWK
PHGLFDODQGVXUJLFDODVSHFWV6\VWHPDWLFUHVHDUFKSODQVRQDQ\VXEMHFWLQFOXGLQJGHUPDWRORJ\'HUPDWRORJ\LVLQ
QHHG RI VROLG GDWD WR LGHQWLI\ WKH JDSV LQ WKH UHVHDUFK7KLV VWXG\ DLPHG WR HOXFLGDWH WKHPRVW LPSRUWDQW WUHQGV
GLUHFWLRQVDQGJDS LQWKLV VXEMHFW7KHGDWDH[WUDFWHG IURP WKH ,QVWLWXWH IRU6FLHQWLILF ,QIRUPDWLRQZHUHXVHG WR
SHUIRUPDELEOLRPHWULFDQDO\VLVRI WKHVFLHQWLILFSURGXFWLRQV ±DERXWGHUPDWRORJ\6SHFLILFSDUDPHWHUV
UHODWHG WR GHUPDWRORJ\ ZHUH DQDO\]HG WR REWDLQ D YLHZ RI WKH WRSLF¶V VWUXFWXUH DQG GRFXPHQW UHODWLRQVKLSV
$GGLWLRQDOO\WKHWUHQGVDQGDXWKRUVLQWKHPRVWLQIOXHQWLDOSXEOLFDWLRQVZHUHDQDO\]HG7KHUHVXOWVGHPRQVWUDWHWKH
JURZWKRIVFLHQWLILFSURGXFWLRQLQWKLVILHOGEHWZHHQDQGLQVWLWXWHVZKLFKZHUHLQYROYHGLQZULWLQJ
WKHSDSHUVZLWKWKH7HKUDQ8QLY0HG6FLDQG6KLUD]8QLY0HG6FLDWWKHWRSRIWKHOLVWUHVSHFWLYHO\$FFRUGLQJWR
WKH%HWZHHQHVV&HQWUDOLW\,QGLFDWRUVRIWHUPVRQWKHPDSVWKHPRVWDFWLYHUHVHDUFKDUHDVLQWKHILHOGDUHDVIROORZV
%XUQ (SLGHPLRORJ\ 7UHDWPHQW 6FDU 4XDOLW\ RI /LIH 9LWLOLJR:RXQG+HDOLQJ 3ODWHOHW5LFK 3ODVPD0\FRVLV
)XQJRLGHV DQG &U\RWKHUDS\ 7KURXJK SHUIRUPLQJ WKH ILUVW VFLHQWRPHWULF VXUYH\ RQ GHUPDWRORJ\ UHVHDUFK ZH
DQDO\]HGWKHFKDUDFWHULVWLFVRISDSHUVDQGWKHWUHQGVLQVFLHQWLILFSURGXFWLRQ&RZRUGDQDO\VLVUHYHDOHGRXWVWDQGLQJ
WRSLFV RI WKH ILHOG ZKLFK LV XVHIXO IRU SROLF\ PDNHUV WR OHDUQ DERXW WKH UHVHDUFK VWDWXV DQG PDNH DSSURSULDWH
GHFLVLRQVIRUWKHSURPRWLRQRIVFKRODUO\SURGXFWV
.H\ZRUGV'HUPDWRORJ\VFLHQWRPHWULF$QDO\VLV6FLHQWLILFRXWSXW
,QWURGXFWLRQ
'HUPDWRORJ\LVWKHEUDQFKRIPHGLFLQHGHDOLQJZLWKWKHVNLQQDLOVKDLUDQGLWVGLVHDVHV,WLVD
6SHFLDOW\ ZLWK ERWK PHGLFDO DQG VXUJLFDO DVSHFWV 5DQGRP  ,Q SUDFWLFH GHUPDWRORJ\
LQFOXGHVDOODVSHFWVRIGLVHDVHVERWKLQWHUQDODQGH[WHUQDOIDFWRUVZKLFKDIIHFWWKHVNLQDQGLWV
FRQWHQWVVXFKDVKDLUQDLOVVZHDWJODQGVDVZHOODVRUDOPXFXVPHPEUDQHDQGH[WHUQDOJHQLWDO
PHPEUDQH6H[XDOO\ WUDQVPLWWHGGLVHDVHVDUHDOVRFDWHJRUL]HG LQGHUPDWRORJ\ VSKHUH %XUQVHW
DO  7KHUH DUH DV PDQ\ DV  GLVRUGHUV LQ GHUPDWRORJ\ DUHD 6XFK D ODUJH QXPEHU
LQFOXGHV QXPHURXV JURXSVZLWK D KXJH YDULHW\ LQ WHUPV RI HWLRORJ\ IURPJHQHWLF GLVRUGHUV WR
LQIHFWLRXV GLVHDVHV FDXVHG E\ HQYLURQPHQWDO IDFWRUV PXOWLIDFWRULDO GLVRUGHUV WRJHWKHU ZLWK D
ODUJHQXPEHURI LGLRSDWKLFGLVHDVHV,I WKHRXWEUHDNDQGFRQVHTXHQFHVFDXVHGE\VXFKGLVHDVHV
DUH WDNHQ LQWRDFFRXQWGLIIHUHQWLDWLRQDQGVSHFWUXPVSUHDGRI VXFKD ODUJH QXPEHURIGLVHDVHV
ZLOOHYHQLQFUHDVH%LFNHUVHWDO.KDWDPLDQG=DUWDE
%DVHGRQVRPHVWDWLVWLFV DW HYHU\SHULRGRI WLPHRQHIRXUWK WRRQHWKLUGRISHRSOH VXIIHUVDW
OHDVWRQHVLQJOH VNLQGLVHDVH%XUQVHWDO+RZHYHUPRUHUHFHQWVWXGLHVUHYHDO WKDW WKH
RXWEUHDNRIVNLQGLVHDVHVDUHIDUPRUHERWKLQGHYHORSHGDQGGHYHORSLQJFRXQWULHV:RONVWHLQHW
DO   0HDQZKLOH WKHUH LV D UDPSDQW SDWWHUQ RI VNLQ GLVHDVHV LQ WKHVH FRXQWULHV ZLWK

ƵƚŚŽƌƐ͛ĂĨĨŝůŝĂƚŝŽŶƐ͗
ϭͲ 6FKRRORI6RFLDO6FLHQFHV.QRZOHGJHDQGLQIRUPDWLRQ6FLHQFH<D]G8QLYHUVLW\<D]G,UDQ
ϮͲ6FKRRORI6RFLDO6FLHQFHV.QRZOHGJHDQGLQIRUPDWLRQ6FLHQFH<D]G8QLYHUVLW\<D]G,UDQ
%DFKHORURI(QJOLVK/LWHUDWXUH<D]G8QLYHUVLW\
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GLIIHUHQWGHUPDWRORJLFGLVRUGHUV,QLQGXVWULDOFRXQWULHVWKRVHZKRDUHLQWHUHVWHGLQGHUPDWRORJLF
HSLGHPLRORJ\KDYHIRXQGLW LQWHUHVWLQJWRIRFXVRQHPHUJLQJLQIHFWLRXVGLVHDVHVVXFKDV+HUSHV
VLPSOH[ JHQLWDO ZDUWV DQG HQYLURQPHQWDO GLVHDVHV VXFK DV VNLQ GDPDJHV FDXVHG E\ VXQ
H[SRVXUHPDOLJQDQWPHODQRPDDQG QRQPHODQRPD VNLQFDQFHU%LFNHUV HWDO LQD QHZVWXG\
KDYH UHSRUWHGWKDWPLOOLRQ$PHULFDQV VXIIHUHG IURP+HUSHVFRPSOH[DQG+HUSHV]RVWHU LQ
7KH\DGGHGWKDWLQWKUHHRXWRIPLOOLRQKDGEHHQGLDJQRVHGZLWKJHQLWDOZDUWVDQG
KXPDQSDSLOORPDYLUXV+397KHUHZHUHPRUHVNLQGLVHDVHFODLPVDFURVVWKH86SRSXODWLRQLQ
WKDQFDUGLRYDVFXODUGLVHDVHGLDEHWHVRUHQGVWDJHUHQDOGLVHDVHDVHSDUDWHUHSRUWUHYHDOHG
(GLVRQ DQG %UXFH  6NLQ GLVHDVHV DUH FRQVLGHUHG DV WKH PDLQ FDXVHV RI LQDELOLW\ LQ
GHYHORSLQJFRXQWULHV,QVXFKWHUULWRULHVDIIOLFWLRQZLWKGHUPDWRORJLFGLVHDVHVYDULHV IURP
WR+D\HWDO:KHUHLQIHFWLRQVDQGFRQWDPLQDWLRQVDUHFKLHIO\EODPHG5RVHQEDXPHW
DO
)LJXHURDDQGHWDO LPSOHPHQWHGD VXUYH\VWXG\ DLPHGDW VWXG\LQJGHUPDWRORJLFDOFRPPXQLW\
EDVHGQHHGV LQDUXUDOFRPPXQLW\VRXWKZHVWRI(WKLRSLD7KH\FDPHWRWKHFRQFOXVLRQWKDW WKH
PRVWFRPPRQVNLQGLVHDVHVZHUHFRQWDPLQDWLRQVFDXVHGE\SDUDVLWHVVXFKDVVFDELHVSpGLFXORVH
DQG RQFKRFHUFLDVLV  IROORZHG E\ EDFWHULDO DQG IXQJDO LQIHFWLRQV  )LJXHURD HW DO
$FURVVWKHJOREHWKHUHDUHQXPHURXVFRPPRQGHUPDWRVLVOLNHDFQHDQGSVRULDVLV$OPRVW
DOOGHUPDWRORJLFGLVHDVHV KDYHRQHFRPPRQ FKDUDFWHULVWLF WKH\DUH YLVLEOH6XFKSURSHUW\FDQ
RIWHQFDXVHDEXUGHQIRUSDWLHQWV7KHGLVHDVHLWVHOILVERWKHULQJLQWHQVHLWFKLQJIRULQVWDQFHDQG
WKH DSSHDUDQFH SUREOHP ZKLFK KDV EHHQ UHSRUWHG LQ  RI SDWLHQWV GRXEOHV WKH SUREOHP
%HVLGHVOLPLWHGDFWLYLW\ZLOOUHVXOWLQKLJKWUHDWPHQWFRVWVDVZHOODVVRFLDOLQDELOLWLHV(GLVRQDQG
%UXFH-RKQVRQ
2YHUDOOUHVHDUFKDQGVWXGLHVRQGHUPDWRORJLFVXEMHFWVDUHFUXFLDOGXHWRWKHIROORZLQJUHDVRQV
Ͳ 6NLQGLVHDVHVDUHYHU\FRPPRQDIIHFWLQJXSWRDWKLUGRIWKHSRSXODWLRQDWDQ\RQHWLPH
Ͳ 6NLQ GLVHDVHV KDYH VHULRXV LPSDFWV RQ OLIH 7KH\ FDQ FDXVH SK\VLFDO GDPDJH
HPEDUUDVVPHQWDQGVRFLDODQGRFFXSDWLRQDOUHVWULFWLRQV&KURQLFVNLQGLVHDVHVPD\FDXVH
ILQDQFLDO FRQVWUDLQWV ZLWK UHSHDWHG VLFN OHDYH 6RPH VNLQ FRQGLWLRQV FDQ EH OLIH
WKUHDWHQLQJ
Ͳ +HDOWKH[SHQGLWXUHIRUVNLQGLVHDVHVLVKLJK 
7KHUHIRUHPDQ\LQYHVWLJDWRUVKDYHSXEOLVKHGDUWLFOHVLQWKLVILHOG>5RVHQEDXPHWDO6WRUDQ 
DQG,UYLQH%DNNHU+RZHYHUWKHUHKDVEHHQQRV\VWHPDWLFDQDO\VLVRIWKLVLQFUHDVLQJ 
QXPEHU RI SDSHUV $ VFLHQWRPHWULFV PHWKRG LV RQH WKDW PHDVXUHV DQG DQDO\]HV VFLHQWLILF 
SXEOLFDWLRQVUHODWHGWRDVSHFLILFWRSLFUHJDUGLQJWKHWUHQGVLQFLWDWLRQVPRVWLPSRUWDQWFRQWHQW 
DXWKRUV DQG MRXUQDOV $ ZLGHVSUHDG XVH RI VFLHQWRPHWULF PHWKRG JRHV EDFN WR V ZKHQ 
(XJHQH*DUILHOGILQDOL]HGWKHFRQVWUXFWLRQRI6FLHQFH*DUILHOG7KLVPHWKRGLVXVHIXOIRU 
DVVHVVLQJ WKH VFLHQWLILF DGYDQFHPHQWV DQG PRWLYDWLRQV RI UHVHDUFKHUV DQG GHWHUPLQLQJ FXUUHQW 
UHVHDUFK GLUHFWLRQV LQ D VSHFLILF ILHOG VXFK GDWD ZRXOG EH H[WUHPHO\ XVHIXO IRU JXLGLQJ 
VXEVHTXHQWUHVHDUFKGHVLJQVDVLWZLOOSUHGLFWKRZWKLVILHOGZRXOGPRYHIRUZDUG+HQGUL[ 
+HQGUL[  7KH DLP RI WKLV VWXG\ ZDV WR SHUIRUP D VFLHQWRPHWULF DQDO\VLV RI DUWLFOHV RQ 
GHUPDWRORJ\E\,UDQLDQUHVHDUFKHUV IURPWRZLWKWKHKHOSRIELEOLRPHWULF LQGLFDWRUV 
XVLQJWKH,QVWLWXWHIRU6FLHQWLILF,QIRUPDWLRQ,6,:HERI6FLHQFH
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$ELEOLRPHWULFVWXG\ZDVSHUIRUPHGRQWKHDUWLFOHVUHODWHGWR³'HUPDWRORJ\´SXEOLVKHGEHWZHHQ
DQG2XUPDLQVRXUFHZDVFKRVHQIURPWKH,6,:HERI6FLHQFHGDWDEDVHDYDLODEOHDW
KWWSZZZLVLNQRZOHGJHFRP EHFDXVH LW LV RQH RI WKH PDMRU VRXUFHV IRU ELEOLRPHWULF FLWDWLRQ
DQGRWKHUDFDGHPLFLPSDFWLQIRUPDWLRQRIVFLHQWLILFDUWLFOHVLQYDULRXVEUDQFKHVRIVFLHQFHV$OO
WKUHHUHVRXUFHVDYDLODEOHLQWKH,6,ZHERIVFLHQFHZHUHXVHGIRUWKLVSXUSRVH6FLHQFH&LWDWLRQ
,QGH[([SDQGHG6RFLDO6FLHQFHV&LWDWLRQ,QGH[WKH$UWV	+XPDQLWLHV&LWDWLRQ,QGH[7HUPV
XVHG IRU WKH VHDUFKHV ZHUH FKRVHQ LQ DFFRUGDQFH ZLWK :HE RI VFLHQFH FDWHJRU\
:& 'HUPDWRORJ\DQGUHVWULFWHGWRFRXQWU\&8 ,UDQ:KLFK\LHOGHGDWRWDORISXEOLFDWLRQV
2XUVHDUFKFRYHUHGSDSHUVSXEOLVKHGEHWZHHQDQG:HFRQGXFWHGWKHVHDUFKRQ-XO\

6SHFLILF SDUDPHWHUV VXFK DV WKH SXEOLFDWLRQ \HDU DUWLFOHV¶ ODQJXDJH VXEMHFW GLVWULEXWLRQ ILUVW
DXWKRU PDLQ MRXUQDOV LQ WKLV ILHOG FLWDWLRQV RI WKH SDSHU E\ RWKHU SDSHUV DQG LQVWLWXWLRQDO
DIILOLDWLRQVZHUHUHWULHYHG IURPWKH,6,DQGDQDO\]HGZLWKWKHDQDO\]H IXQFWLRQSURYLGHGE\WKH
,6, GDWDEDVH (DFK MRXUQDO¶V LPSDFW IDFWRU ZDV UHWULHYHG IURP WKH -RXUQDO &LWDWLRQ 5HSRUWV
DYDLODEOH DW KWWSVFLHQWLILFWKRPVRQFRPSURGXFWVMFU $OO VWDWLVWLFDO DQDO\VHV ZHUH SHUIRUPHG
XVLQJ0LFURVRIW([FHO  FRPSXWHU VSUHDGVKHHW VRIWZDUH DQG8FL1HW VRIWZDUH$7KHPDWLF
VWUXFWXUHRIWKHGHUPDWRORJ\ILHOGZDVFUHDWHGE\LQFOXGLQJDUWLFOHVZLWKDIUHTXHQF\RIXS
GRFXPHQWVZKLFKKDGWKHVHFKDUDFWHULVWLFVDUHVHOHFWHG
5HVXOWV
$QQXDO3XEOLFDWLRQ1XPEHUGXULQJ
7KHUHZHUH D WRWDO RI  UHVHDUFK DUWLFOHV RQ GHUPDWRORJ\ LQ WKH ,6,:HE RI 6FLHQFH GXULQJ
7KHVHSDSHUVZHUHGUDIWHGE\DXWKRUVFRXQWULHVLQVWLWXWLRQVDQGZHUH
SXEOLVKHGLQMRXUQDOVLQODQJXDJHV,Q)LJWLPHWUHQGRIWKHQXPEHURIDUWLFOHVLVVKRZQ
7KH  SXEOLVKHG DUWLFOHV LQ  FRPSDUHG WR  DUWLFOHV LQ  VKRZV D IROG LQFUHDVH
)LJ





Materials and Methods
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)LJXUH7UHQGLQWKHQXPEHURIWKHGHUPDWRORJ\SXEOLFDWLRQVE\\HDU




&LWDWLRQ3URILOHRI$UWLFOHV
7KHQXPEHURIFLWDWLRQVFDQQRWDOZD\VEHXVHGWRMXGJHWKHTXDOLW\RIDSDSHUEXWLWLVDPHDVXUH
RILWVLPSDFWRQ6XEMHFWRIUHVHDUFK=KDQJHWDO7RWDORIFLWDWLRQVZHUHWLPHV7KH
DYHUDJHFLWDWLRQVSHUSDSHU&3ZDV7DEOHVKRZVWKHWRSKLJKO\FLWHGDUWLFOHVLQWKLV
ILHOG
7KHPRVWIUHTXHQWO\FLWHGDUWLFOHZDVµ6NLQ0DQLIHVWDWLRQVRI0XVWDUG*DVD&OLQLFDO6WXG\RI
3DWLHQWV([SRVHGWR0XVWDUG*DV¶SXEOLVKHGLQE\0RPHQL(QVKDHLK0HJKGDGLHWDO
,WZDVFLWHGWLPHVDV LWZDVDIWHU\HDUV WKDWWKH ILUVWSXEOLVKHG LQGHUPDWRORJ\ LQ
ZKLFKYDVWO\H[FHHGVWKHFLWDWLRQRIRWKHUDUWLFOHVRQGHUPDWRORJ\
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7DEOH$UWLFOHVZLWKKLJKHVWQXPEHURIGHUPDWRORJ\UHODWHGFLWDWLRQV










8QWLOSDSHUVDERXW'HUPDWRORJ\ZHUHUDUHO\FLWHG6LQFHWKHQFLWDWLRQVKDYHFRQVLVWHQWO\
LQFUHDVHGSDSHUVDERXW'HUPDWRORJ\ZHUHFLWHGWLPHVLQ2WKHUSHDNVRFFXUUHGLQ
WR  )LJ 7KH QXPEHU RI FLWDWLRQV FORVHO\ IROORZHG WKH QXPEHU RI SXEOLFDWLRQV 7KH
QXPEHURIFLWDWLRQVSHU\HDUUHDFKHGLWVPD[LPXPLQFLWDWLRQV
,)-RXUQDO&LWDWLRQ$XWKRU7LWOH12
$UFKLYHV2I
'HUPDWRORJ\

0RPHQL$]
(QVKDHLK6
0HJKGDGL0(W$O
6NLQ0DQLIHVWDWLRQVRI0XVWDUG
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
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EXUQVLQWKH6RXWK:HVWRI,UDQ

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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3DUWRYL),]DWW-D
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)LJXUH&LWDWLRQRISDSHUVDERXW'HUPDWRORJ\SXEOLVKHGEHWZHHQDQG



6XEMHFW$QDO\VLVRIWKHDUWLFOHVLQGHUPDWRORJ\ILHOG
7KHUH ZHUH  NH\ZRUGV XVHG IRU WKH GHUPDWRORJ\ UHVHDUFK ILHOG $PRQJ WKHVH RQO\ 
NH\ZRUGVDSSHDUHGPRUHWKDQWHQWLPHV7KH7RSKLJKIUHTXHQF\NH\ZRUGVZHUHVHOHFWHG
,Q WKH IROORZLQJ WKH PDS EHWZHHQ WKHVH NH\ZRUGV KDV EHHQ FRQVLGHUHG 7KHVH DUH VHYHUDO
LQGLFDWRUV IRU FRZRUG DQDO\VLV WKDW FDQ EH XVHG LQ VFLHQWLILF PDSV  $FFRUGLQJ WR )UHHPDQ
PHDVXUHVRIFHQWUDOLW\DUHWKUHHFDWHJRULHVFORVHQHVVGHJUHHDQGEHWZHHQHVV)UHHPDQ
)LJXUH  VKRZV FRZRUG QHWZRUN$FFRUGLQJ WR%HWZHHQHVV&HQWUDOLW\%HWZHHQQHVV FHQWUDOLW\
LGHQWLILHVDQHQWLW\
VSRVLWLRQZLWKLQDQHWZRUNLQWHUPVRILWVDELOLW\WRPDNHFRQQHFWLRQVWRRWKHU
SDLUV RU JURXSV LQ D QHWZRUN8Q HQWLW\ZLWK D KLJK EHWZHHQQHVV FHQWUDOLW\ JHQHUDOO\+ROGV D
IDYRUHGRUSRZHUIXOSRVLWLRQ LQ WKH QHWZRUN UHSUHVHQWVD VLQJOHSRLQWRI IDLOXUH+DVDJUHDWHU
DPRXQWRILQIOXHQFHRYHUZKDWKDSSHQVLQDQHWZRUN6FRWW





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
)LJXUH&RRFFXUUHQFHQHWZRUNRIWKHWRSNH\ZRUGVIURPSXEOLVKHGDUWLFOHVRIWKHGHUPDWRORJ\
ILHOG

,Q ILJXUHHDFKVTXDUH QRGH LQGLFDWHV WKHNH\ZRUGVDQG WKH OLQHV UHSUHVHQW WKH UHODWLRQVKLS
EHWZHHQ WKHP 7KH WRS .H\ZRUGVZLWK KLJK EHWZHHQHVV FHQWUDOLW\ZHUH DV IROORZV%XUQ
(SLGHPLRORJ\7UHDWPHQW6FDU4XDOLW\RI/LIH9LWLOLJR:RXQG+HDOLQJ3ODWHOHW5LFK3ODVPD
0\FRVLV IXQJRLGHV DQG &U\RWKHUDS\ ,Q 7DEOH   VXSHULRU ILJXUHV LQ WHUPV RI FHQWUDOLW\
PHDVXUHVDQGIUHTXHQF\RINH\ZRUGVKDYHEHHQOLVWHG

7DEOH7KHNH\ZRUGVZLWKWKHKLJKHVWIUHTXHQF\DQG%HWZHHQHVVFHQWUDOLW\


12 .H\ZRUGV )UHTXHQF\
RI
.H\ZRUGV
.H\ZRUGV %HWZHHQHVV
&HQWUDOLW\
 %851  %851 
 (3,'(0,2/2*<  (3,'(0,2/2*< 
 75($70(17  75($70(17 
 6&$5  6&$5 
 48$/,7<2)/,)(  48$/,7<2)/,)( 
 9,7,/,*2  9,7,/,*2 
 :281'+($/,1*  :281'+($/,1* 
 3/$7(/(75,&+
3/$60$
 3/$7(/(75,&+
3/$60$

 0<&26,6
)81*2,'(6
 0<&26,6
)81*2,'(6

 &5<27+(5$3<  &5<27+(5$3< 
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
-RXUQDOVDQG$XWKRU3URILOHVRI3XEOLFDWLRQV

7DEOHVKRZVWKHPRVWDFWLYHDXWKRUVDQGWKHDXWKRUVZLWKKLJKHVWQXPEHURIFLWDWLRQ
'U)LURR] IURP7HKUDQ8QLYHUVLW\ RI0HGLFDO 6FLHQF 7806ZLWK  DUWLFOHV KDG WKH ODUJHVW
QXPEHU RI SXEOLFDWLRQV LQ WKH ILHOG RI GHUPDWRORJ\ UHVHDUFK IROORZHG E\ 0'DQHVKSD]KRRK
IURP7806Q &&KDPV'DYDWFKLIURP7806Q DQG<'RZODWLIURP7806Q 
:HDOVRTXDQWLILHGZKHWKHU WKHVHDXWKRUVSXEOLVKHGDVHLWKHU WKHFLWHGDXWKRU&OHDUO\ WKH
FLWHGDXWKRU$)LURR]VWLOOUDQNHGILUVWQ LQWKHGHUPDWRORJ\ILHOG&RQVLGHULQJWKHIDFW
WKDWIRUWKDXWKRU'RZODWLLVWKHVHFRQGKLJKHVWLQWHUPVRIWKHFLWDWLRQQ 6LPLODUO\WKH
LQIRUPDWLRQ LQ WKH WDEOH VKRZV WKDW WKH UDQNLQJ RI DXWKRUV YDULHV LQ WHUPV RI WKH QXPEHU RI
UHFRUGVDQGFLWDWLRQV


7DEOH0RVWDFWLYHDXWKRUVDQGWKHDXWKRUVZLWKKLJKHVWQXPEHURIFLWDWLRQ




7KHKLQGH[VLPXOWDQHRXVO\PHDVXUHVWKHTXDOLW\DQGTXDQWLW\RIWKHHQWLUHVFLHQWLILFRXWSXWRID
UHVHDUFKHUDQGLW LVRQHRIWKHPRVWFRPPRQO\XVHGLQGLFDWRUVRIUHVHDUFKTXDOLW\=KDQJHWDO
 &RQVLVWHQWO\ ZH FRXOG FRQFOXGH WKDW $ )LURR] ZKR KDG WKH KLJKHVW KLQGH[ Q 
FRXOGEHFRQVLGHUHGDXWKRULW\LQWKHGHUPDWRORJ\ILHOG%XW&&KDPV'DYDWFKLLVWKLUGLQWHUPV
RIWKHQXPEHURIDUWLFOHVEXWLQ+LQGH[Q KHLVWKHVHFRQGRQH$OVR<'RZODWLLVIRUWKLQ
WHUPVRIWKHQXPEHURIDUWLFOHVEXW LQ+LQGH[Q LVWKHWKLUGRQH,WVKRXOGEHXQGHUOLQHG
WKDWDOO UHVHDUFKHUVFRPH IURP7806$OWKRXJK FLWDWLRQVGRQRW UHIOHFW WKHTXDOLW\RIDSDSHU
FRPSUHKHQVLYHO\LQDVHQVHWKH\UHIOHFWDGLIIHUHQFHLQVFLHQWLILFRXWSXW

'LVWULEXWLRQRIMRXUQDOV

$OOSDSHUVZHUHSXEOLVKHGLQMRXUQDOV7KHWRSILYHMRXUQDOVKDGPRUHWKDQDUWLFOHV7DEOH
$SSUR[LPDWHO\  RI WKH:R6 SDSHUVZHUH SXEOLVKHG LQ WKHVH PRVW SURGXFWLYH WRS ILYH
MRXUQDOV ,QWHUQDWLRQDO -RXUQDO RI 'HUPDWRORJ\ %XUQV -RXUQDO RI WKH (XURSHDQ $FDGHP\ RI
+LQGH[&LWDWLRQV5HFRUGV$WKXUH12&LWDWLRQV5HFRUGV$WKXUH12
ϭϲ)LURR]$)LURR]$
ϭϮ'DQHVKSD]KRRK0'RZODWL<
ϭϰ&KDPV'DYDWFKL&&KDPV'DYDWFKL&
ϭϮ'RZODWL<'DQHVKSD]KRRK0
ϴ1DPD]L0U+DOODML=
ϵ%DOLJKL.%DOLJKL.
ϵ$NK\DQL0$NK\DQL0
ϭϬ+DOODML=1DPD]L0U
ϲ0DQVRXUL35DGPDQHVK0
ϴ5DGPDQHVK00DQVRXUL3
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
'HUPDWRORJ\0\FRVHV&OLQLFDODQG([SHULPHQWDO'HUPDWRORJ\ZKLFKDUHFRQVLGHUHGWKHFRUH
MRXUQDOVRIGHUPDWRORJ\UHVHDUFKXQGHUWKH%UDGIRUG/DZ=KDQJHWDO

7DEOH-RXUQDOVZLWKKLJKHVWQXPEHURIGHUPDWRORJ\UHODWHGSDSHUV





7KHMRXUQDOWKDWSXEOLVKHGWKHODUJHVWVKDUHRIDUWLFOHVZDV,QWHUQDWLRQDO-RXUQDORI'HUPDWRORJ\
Q ,QIDFWDFFRUGLQJWRWKHFLWDWLRQVDQG&$UDWLRZHFDQHVWLPDWHWKDWWKHWZRMRXUQDOV
-RXUQDO RI WKH (XURSHDQ $FDGHP\ RI 'HUPDWRORJ\ DQG 9HQHUHRORJ\ $QG %XUQV KDYH WKH
JUHDWHVW LQIOXHQFH RQ WKH ILHOG RI GHUPDWRORJ\0RUHRYHU DOWKRXJK MRXUQDOV OLNH &OLQLFDO DQG
([SHULPHQWDO 'HUPDWRORJ\ RQO\ SXEOLVKHG D IHZ DUWLFOHV FRPSDUH ZLWK WKH ILUVW MRXUQDO WKH\
UHFHLYHGDKLJKQXPEHURIFLWDWLRQV7KHUHLVQRGRXEWWKDWWKHUDWLRRI&$LVFORVHO\OLQNHGWR
WKHTXDOLW\RIWKHDUWLFOHV

,QVWLWXWHSHUIRUPDQFHV
2XUUHVXOWVVKRZWKDWLQVWLWXWHVSDSHUVSXEOLVKHGEHWZHHQDQG7KH7HKUDQ
8QLYHUVLW\0HG6FL6KLUD]8QLY0HG6FL,VIDKDQ8QLY0HG6FL,UDQ8QLY0HG6FLZHUHWKH
WRSIRXUPRVWSURGXFWLYHUHVHDUFKLQVWLWXWHVWDEOH$SSUR[LPDWHO\RISDSHUVZLWK
FLWDWLRQVKDYHEHHQSXEOLVKHGE\7HKUDQ8QLYHUVLW\RI0HGLFDO6FLHQFH





,)&$&LWDWLRQV5HFRUGV&RXQWU\-RXUQDO12
86$,17(51$7,21$/-2851$/2)'(50$72/2*<


8.%8516
86$-2851$/2)7+((8523($1$&$'(0<2)
'(50$72/2*<$1'9(1(5(2/2*<

86$0<&26(6
86$&/,1,&$/$1'(;3(5,0(17$/
'(50$72/2*<

8.-2851$/2)'(50$72/2*,&$/75($70(17
86$
:281'6$&203(1',802)&/,1,&$/
5(6($5&+$1'35$&7,&(


,QGLD,1',$1-2851$/2)'(50$72/2*<


,QGLD,1',$1-2851$/2)'(50$72/2*<
9(1(5(2/2*</(352/2*<

5(6($5&+$1'35$&7,&(

8.3(',$75,&'(50$72/2*<
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7DEOH,QVWLWXWLRQVZLWK+LJKHVW1XPEHURI3DSHUV
























'LVFXVVLRQ
,QWKLVVWXG\ZHKDYHSURYLGHGDVXSSOHPHQWDOHYDOXDWLRQRIWKHVWDWXVRIGHUPDWRORJ\LQ,UDQ
7KHREMHFWLYHRI WKHSUHVHQWVWXG\ZDVWRSHUIRUPD VFLHQWRPHWULFVDQDO\VLVRIDOOGHUPDWRORJ\
SXEOLFDWLRQVIURP,UDQLDQUHVHDUFKHUVLQGH[HGLQWKH:HERI6FLHQFH
,Q VFLHQWRPHWULFV TXDQWLWDWLYH VWDWLVWLFDO PHWKRGV DUH HPSOR\HG WR LGHQWLI\ FULWHULD ZKLFK
FRQWULEXWH WR WKH JURZWK DQG H[SDQVLRQ RI VFLHQFHV WKURXJKRXW KXPDQ FRPPXQLWLHV
6FLHQWRPHWULFV LV D SDUW RI VFLHQFH VRFLRORJ\ ZKLFK LV XVHG WR PDNH VFLHQWLILF SROLFLHV DQG
LQFOXGHVTXDQWLWDWLYHVWXGLHVLQVFLHQWLILFDFWLYLWLHVDQGSXEOLFDWLRQVLQWKDWVFLHQWLILFDUHD+RRG
DQG&RQFHSFLQV
7KLVDQDO\VLVGHWHUPLQHG WKHFXUUHQW VWDWHRI UHVHDUFKDQG WUHQGV LQ VWXGLHVDERXWGHUPDWRORJ\
EHWZHHQDQG,QKLVERRN/LWWOH6FLHQFH%LJ6FLHQFHZKLFKLVDIXQGDPHQWDO
ZRUN LQ VFLHQWRPHWULFV 3ULFH DUJXHV WKDW WKH QXPEHU RI VFLHQWLILF DUWLFOHV DUH GRXEOHG HYHU\
ILIWHHQ \HDUV 6XFK D JURZWK UDWH FDQQRW EH DWWULEXWHG RQ D VLQJOH IDFWRU RQO\ DQG LW FDQ EH
FRQFOXGHG WKDW VXFK JURZWK LV WKH HVVHQFH RI VFLHQFH 3ULFH  (YDOXDWLQJ WKH UHVXOWV
KLJKOLJKWV WKDW WKH VFLHQWLILF SURGXFWLRQV LQ GHUPDWRORJLF DUHD KDYH VKRZQ D ULVLQJ WUHQG 7KH
UHVXOWVRI WKLVUHVHDUFKDUH LQDJUHHPHQWZLWKWKRVH\LHOGHGE\<DRHWDO 5DPLQHWDO
<LHWDOHWF
&LWDWLRQV&RXQW2UJDQL]DWLRQ12
7(+5$181,90('6&,
6+,5$=81,90('6&,
,6)$+$181,90('6&, 
,5$181,90('6&,
6+$+,'%(+(6+7,81,90('6&,
0$6++$'81,90('6&,
81,97(+5$1
,6/$0,&$=$'81,9
7$%5,=81,90('6&,
5$=,+263
Proceedings of 14th International Conference on Webometrics, Informetrics and Scientometrics & 19th COLLNET Meeting 2018 
>> Collaboration - Impact on Productivity  and Innovation <<
- 50 -


$FFRUGLQJ WR ELEOLRPHWULF SULQFLSOHV LI D SDSHU LV FLWHG PRUH WLPHV WKDQ RWKHUV LWV TXDOLW\ LV
FRQVLGHUHG WR EH KLJKHU ,Q RWKHU ǁŽƌĚƐ͕ ƚŚĞ ŶƵŵďĞƌ ŽĨ ĐŝƚĂƚŝŽŶƐ ŝƐ ŝŶĚŝĐĂƚŝǀĞ ŽĨ ƚŚĞ ƉŽǁĞƌ ĂŶĚ
ĂƵƚŚŽƌŝƚǇŝŶƚŚĞĨŝĞůĚŽĨŝŶƚĞƌĞƐƚ͘,QRXUVWXG\WKHUHZDVQRVLJQLILFDQWFRUUHODWLRQEHWZHHQWKH-,)V
DQGWKHFLWDWLRQIUHTXHQF\RIDUWLFOHV7KLVFDQUHVXOWIURPVHYHUDOIDFWRUVIRUH[DPSOHMRXUQDOV
ZLWKDGYDQFHRQOLQHSXEOLFDWLRQKDGKLJKHU LPSDFWIDFWRUVWKDQMRXUQDOVZLWKRXWDGYDQFHRQOLQH
SXEOLFDWLRQ7KXVIDFWRUVRWKHUWKDQWKHTXDOLW\RISDSHUVPD\DIIHFWWKHFLWDWLRQIUHTXHQF\RID
SDSHU5DPLQHWDO
%DVHGRQRXUVWUXFWXUDOVXEMHFWVWDWLVWLFUHVXOWV WKHSXEOLVKHGDUWLFOHVPDLQO\ IRFXVHGRQ%XUQ
(SLGHPLRORJ\ DQG 7UHDWPHQW $OVR 0RVW RI WKH KLJKO\ FLWHG SDSHUV ZDV LQ EXUQ VWXG\ 7KH
VWDWLVWLFVLQGLFDWHWKDWEXUQVLQ,UDQDUHKLJKHUWKDQLQPDQ\RWKHUFRXQWULHV6RWKDWEXUQVLQ,UDQ
DUHHLJKW WLPHV WKHJOREDO DYHUDJH(YHU\ \HDU WR WKRXVDQGSHRSOHGLH LQ WKHFRXQWU\
$ERXLH HW DO  7KH SUREDEO\ UHDVRQ IRU IXUWKHU UHVHDUFK RQ WKLV WRSLF 7KHVH UHVXOWV
SURYLGHG D FXUUHQW YLHZ RQ WKH UHVHDUFK IRFXVHV RI GHUPDWRORJ\ 0RUH LPSRUWDQWO\ VXEMHFW
FDWHJRULHV FDQ UHSUHVHQW D VXLWDEOH JXLGH IRU IXWXUH UHVHDUFK GLUHFWLRQV$OWKRXJKGHUPDWRORJ\
GLVHDVHVDIIHFWLQJWKHTXDOLW\RI OLIHDQGHPRWLRQDOVWDWXVRIVXEMHFWVKDGODUJHO\QHJOHFWHGWKLV
VXEMHFW$OVRWKHRWKHUGLVHDVHVWKDWDUHHSLGHPLRORJ\LQ,UDQVXFKDVSVRULDVLVKDYHEHHQOHVV
LQYHVWLJDWHG
$OPRVW DOO  RI WKH OLWHUDWXUH LQ WKH ILHOG ZDV LQ (QJOLVK )RU EHWWHU LQWHUQDWLRQDO
FRPPXQLFDWLRQ (QJOLVK LV WKH ILUVW ODQJXDJH RI FKRLFH IRU PDQ\ DXWKRUV $PRQJ WKH WRS 
MRXUQDOVILYHZHUHIURPWKH86$-RXUQDOVRXWRIMRXUQDOVZHUHIURPGHYHORSHGFRXQWULHV
,QWKHILHOGRIGHUPDWRORJ\GHYHORSHGFRXQWULHVKDYHKDGDJUHDWLQIOXHQFHRQKLJKOHYHOVFLHQFH
DQGWKHGHYHORSPHQWRIWHFKQRORJ\)XUWKHUPRUHSXEOLFDWLRQVIURPWKHVHMRXUQDOVZHUHRIKLJK
TXDOLW\7KHDQDO\VLVRI MRXUQDOV LQZKLFKSDSHUVDERXW'HUPDWRORJ\ZHUHSXEOLVKHGFRXOGKHOS
VFKRODUV VHOHFW WKH DSSURSULDWH MRXUQDO IRU SDSHU VXEPLVVLRQ WKHUHE\ LQFUHDVLQJ WKH FKDQFH RI
DFFHSWDQFHRIWKHVHMRXUQDOVKDGKLJKFLWDWLRQ
$FFRUGLQJ WR ELEOLRPHWULF SULQFLSOHV LI D SDSHU RU DXWKRU LV FLWHG PRUH WLPHV WKDQ RWKHUV LWV
TXDOLW\ LV FRQVLGHUHG WR EH KLJKHU ,Q RWKHUZRUGV WKH QXPEHU RI FLWDWLRQV LV LQGLFDWLYH RI WKH
SRZHUDQGDXWKRULW\LQWKHILHOGRILQWHUHVW6RWKHDXWKRUVOLNH'RZODWL<+DOODML=%DOLJKL.
ZKRZHUHQRWDFWLYHDPRQJWKHWRSDXWKRUVEXWWKH\SXEOLVKHGKLJKTXDOLW\DUWLFOHV
2XUUHVXOWVKLJKOLJKWHGWKDWDPRQJWKHLQVWLWXWLRQV7HKUDQ8QLY0HG6FL7806DQGWKHDF
WLYHDXWKRUV³)LURR]$   ³'RZODWL<   &KDPV'DYDWFKL&KDYH WKHPRVW LQIOXHQFH LQ WKLV ILHOG
7806DQGLWVIDFXOW\PHPEHUVKDYHDVLJQLILFDQWUROHLQSXEOLVKLQJVFLHQWLILFSDSHUVLQWKHILHOG
RI UHSURGXFWLYH PHGLFLQH 7806 LV WKH ROGHVW DQG PRVW ZHOONQRZQ PHGLFDO FHQWHU LQ ,UDQ
QDWLRQDOO\ DVZHOO DV LQWHUQDWLRQDOO\ WKDWZDV HVWDEOLVKHG DV D SDUW RI8QLYHUVLW\ RI 7HKUDQ LQ
 7806 DV RQH RI WKH FRXQWU\¶V WRS UHVHDUFK XQLYHUVLWLHV DFFHSWV DSSOLFDWLRQV IURP WKH
PRVWTXDOLILHGVWXGHQWV,WDOVRKDVWKH ODUJHVWVFKRROVRIPHGLFLQHRYHUDKXQGUHGVSHFLDOL]HG
UHVHDUFKFHQWHUDQGWHDFKLQJKRVSLWDOV3URGXFWLYLW\RIDXQLYHUVLW\DUHPRVWO\UHODWHGWRWKH
DXWKRUVZKR DUH DIILOLDWHGZLWK WKDW XQLYHUVLW\ %D]PHW DO  ,Q RWKHUZRUG LQVWLWXWLRQDO
FHQWUDOLW\ ZLWKLQ KLJK SURGXFWLRQV HPHUJHV DQG GHYHORSV DV DXWKRUV DIILOLDWHG ZLWK WKDW
LQVWLWXWLRQV 
,Q FRQFOXVLRQ WKURXJKSHUIRUPLQJ WKH ILUVW VFLHQWRPHWULF VXUYH\ RQ GHUPDWRORJ\ UHVHDUFKZH
DQDO\]HG WKHFKDUDFWHULVWLFVRISDSHUVDQG WKH WUHQGV LQ VFLHQWLILFSURGXFWLRQ&RZRUGDQDO\VLV
UHYHDOHG RXWVWDQGLQJ WRSLFV RI WKH ILHOGZKLFK LV XVHIXO IRU SROLF\ PDNHUV WR OHDUQ DERXW WKH
UHVHDUFK VWDWXV DQG PDNH DSSURSULDWH GHFLVLRQV IRU WKH SURPRWLRQ RI VFKRODUO\ SURGXFWV 7KLV
VWXG\ GLG QRW GHVFULEH WKH IHDWXUHV RI MRXUQDOV LQVWLWXWLRQV RU DXWKRUV DQG GR QRW FRPSDUH WKH
VLWXDWLRQRI,UDQZLWKRWKHUFRXQWULHV

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/LPLWDWLRQ
:HPXVWWDNHWKLV OLPLWDWLRQLQWRDFFRXQWWKDWVWXGLHGGDWDDUHIURP:HERI6FLHQFH6HDUFKLQJ
RWKHUGDWDEDVHVVXFKDV6FRSXVRU3XE0HGGDWDEDVHPD\ OHDGWRGLIIHUHQWUHVXOWV+RZHYHU,Q
DGGLWLRQSHUIRUPLQJVLPLODUUHVHDUFKHVXVLQJRWKHUVFLHQWRPHWULFWHFKQLTXHVVXFKDVVWXG\LQJFR
DXWKRUVKLSDQG&RRFFXUUHQFHQHWZRUNIRUFRXQWULHV&RRFFXUUHQFHQHWZRUNIRU,QVWLWXWLRQVDQG
RWKHUFLWDWLRQDQDO\VLVFDQDFWDVDFRPSOHPHQWDU\WRWKLVUHVHDUFK


$FNQRZOHGJHPHQW
7KLVVWXG\ZDVVSRQVRUHGE\<D]G8QLYHUVLW\,UDQ

5HIHUHQFHV
$ERXLH$6DODPDWL3+DIH]L1HMDG15DKLPL0RYDJKDU$6DDGDW6$PLQ(VPDHLOL0HWDO
,QFLGHQFHDQGFRVWRIQRQIDWDOEXUQVLQ,UDQDQDWLRQZLGHSRSXODWLRQEDVHGVWXG\,QW-,QM&RQWU6DI
3URPRW
%DNNHU3:RHUGHQEDJ+*RRVNHQV91DDIV%.DDLM59':LHULQJD1'HUPDWRORJLFDO
SUHSDUDWLRQVIRUWKHWURSLFV$IRUPXODU\RIGHUPDWRORJLFDOSUHSDUDWLRQVDQGEDFNJURXQGLQIRUPDWLRQ
RQFKRLFHVSURGXFWLRQDQGGLVSHQVLQJ8QLYHUVLW\RI*URQLQJHQWKH1HWKHUODQGV
%D]P6.DODQWDU600LU]DHL0%LEOLRPHWULFPDSSLQJDQGFOXVWHULQJDQDO\VLVRI,UDQLDQSDSHUV
RQUHSURGXFWLYHPHGLFLQHLQ6FRSXVGDWDEDVH,QW-5HSURG%LRPHG
%LFNHUV'5/LP+:0DUJROLV'HWDO7KHEXUGHQRIVNLQGLVHDVHVDMRLQWSURMHFWRI7KH
$PHULFDQ$FDGHP\RI'HUPDWRORJ\$VVRFLDWLRQDQGWKH6RFLHW\IRU,QYHVWLJDWLYH'HUPDWRORJ\-$P
$FDG'HUPDWRO
%XUQV7%UHDWKQDFK6&R[1*ULIILWKV&HGV5RRN¶VWH[WERRNRIGHUPDWRORJ\WKHG2[IRUG
:LOH\%ODFNZHOO
(GLVRQ.%UXFH%&RPPHQWDU\%XUGHQRIVNLQGLVHDVHUHSRUW-$P$FDG'HUPDWRO-$$'
±
)LJXHURD-,)XOOHU/&$EUDKD$+D\5-'HUPDWRORJ\LQWKHVRXWKZHVWHUQ(WKLRSLDUDWLRQDO)RU
DFRPPXQLW\DSSURDFK,QW-'HUPDWRO
)UHHPDQ/&7KH'HYHORSPHQWRI6RFLDO1HWZRUN$QDO\VLV$6WXG\LQWKH6RFLRORJ\RI
6FLHQFH1RUWK&KDUOHVWRQ6&%RRN6XUJH
*DUILHOG(µµ6FLHQFH&LWDWLRQ,QGH[¶¶²DQHZGLPHQVLRQLQLQGH[LQJ6FLHQFH±
+D\5%HQGHFN6(&KHQ6HWDO6NLQGLVHDVHV,Q-DPLVRQ'7%UHPDQ-*0HDVKDP$5
$OOH\QH*&ODHVRQ0(YDQV'%HWDOHGV'LVHDVHFRQWUROSULRULWLHVLQGHYHORSLQJFRXQWULHVQG
(G1HZ<RUN2[IRUG8QLYHUVLW\3UHVV
+HQGUL['$QDQDO\VLVRIELEOLRPHWULFLQGLFDWRUV1DWLRQDO,QVWLWXWHVRI+HDOWKIXQGLQJDQG
IDFXOW\VL]HDW$VVRFLDWLRQRI$PHULFDQ0HGLFDO&ROOHJHVPHGLFDOVFKRROV-0HG/LEU
$VVRF
+HQGUL['7HQXUHPHWULFVELEOLRPHWULFHGXFDWLRQDQGVHUYLFHVIRUDFDGHPLFIDFXOW\0HG5HI
6HUY4
+RRG:&RQFHSFLQV:7KH/LWHUDWXUHRI%LEOLRPHWULFV6FLHQWRPHWULFVDQG,QIRUPHWULFV
6FLHQWRPHWULFV
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-RKQVRQ0/'HILQLQJWKHEXUGHQRIVNLQGLVHDVHLQWKH8QLWHG6WDWHVDKLVWRULFDO'56KDJDORY
*0)HU]OL7:LOGPDQ3HUVSHFWLYH-,QYHVWLJ'HUPDWRO6\PS3URF'1/0
.KDWDPL$=DUWDE+'HUPDWRORJ\$SXEOLFKHDOWKSHUVSHFWLYH-GF
3ULFH'-'/LWWOHVFLHQFHELJVFLHQFH1HZ<RUN&ROXPELD8QLYHUVLW\3UHVV
5DPLQ6*KDUHEDJKL5+HLGDU\)6FLHQWRPHWULFDQDO\VLVDQGPDSSLQJRIVFLHQWLILFDUWLFOHVRQ
GLDEHWLFUHWLQRSDWK\0HG+\SRWKHVLV'LVFRY,QQRY2SKWKDOPRO
5DQGRP+5DQGRP+RXVH:HEVWHU
V8QDEULGJHG'LFWLRQDU\WKHG5DQGRP+RXVH1HZ<RUN
5RVHQEDXP%(.OHLQ5+DJDQ3*HWDO'HUPDWRORJ\LQ*KDQDDUHWURVSHFWLYHUHYLHZRIVNLQ
GLVHDVHDWWKH.RUOH%X7HDFKLQJ+RVSLWDO'HUPDWRORJ\&OLQLF3DQ$IU0HG-
6FRWW-6RFLDOQHWZRUNDQDO\VLVGHYHORSPHQWVDGYDQFHVDQGSURVSHFWV6RF1HWZ$QDO0LQ

6WRUDQ(5,UYLQH$'$FFHVVWR*HQHWLF'LDJQRVWLFVIRU*HQRGHUPDWRVHV:KR6KRXOG*HW
7HVWHG":K\":KR3D\V"3HGLDWU'HUPDWRO
:RONHQVWHLQ3*URE--%DVWXML*DULQ6HWDO6RFLHWH)UDQFDLVHGH'HUPRWRORJLH)UHQFKSHRSOH
DQGVNLQGLVHDVHVUHVXOWVRIDVXUYH\XVLQJDUHSUHVHQWDWLYHVDPSOH$UFK'HUPDWRO
<DRHWDO6FLHQWRPHWULFWUHQGVDQGNQRZOHGJHPDSVRIJOREDOKHDOWKV\VWHPVUHVHDUFK+HDOWK5HV
3ROLF\6\VW
<L)<DQJ36KHQJ+7UDFLQJWKHVFLHQWLILFRXWSXWVLQWKHILHOGRI(ERODUHVHDUFKEDVHGRQ
SXEOLFDWLRQVLQWKH:HERI6FLHQFH%0&UHVHDUFKQRWHV
=KDQJ<;LDR)/X66RQJ-=KDQJ&/L-HWDO5HVHDUFKWUHQGVDQGSHUVSHFWLYHVRIPDOH
LQIHUWLOLW\DELEOLRPHWULFDQDO\VLVRI\HDUVRIVFLHQWLILFOLWHUDWXUH$QGURORJ\
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